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[57] ABSTRACT

A method of manufacturing an isolation region includ-
ing a field oxide layer and a channel stopper impurity
region is disclosed. The channel stopper impurity re-
gion is formed after forming the field oxide layer by
introducing ions of impurity at a portion of the substrate
through the field oxide layer by ion-implantation man-

ner.

7 Claims, 3 Drawing Sheets
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METHOD OF FORMING ISOLATION REGION IN
INTEGRATED CIRCUIT SEMICONDUCTOR
DEVICE

FIELD OF THE INVENTION

The present invention relates to a method of forming
an isolation region in an integrated circuit semiconduc-
tor device, and more particularly to a method of form-
ing a channel stopper region constituting the isolation
region with a field oxide layer between circuit elements.

Heretofore, an isolation region for isolating circuit
elements each other has been formed in a semiconduc-
tor substrate by such a method that at first impurities of
the same conductivity type as the surface of the sub-
strate are selectively introduced by thermal diffusion
manner, ion-implantation manner, etc. into the surface
of the field region of the substrate, and thereafter, the
substrate is subjected to a heat treatment under an oxi-
dizing atmosphere at a high temperature during a long
time to form selectively the field oxide layer having a
thick thickness and at least partially embedded into the
substrate from the surface thereof. The mask member
using in the selective introduction of the impurities and
the mask member using in the selective formation of the
field oxide layer have the same mask pattern, each
other. Therefore, the channel stopper region is entirely
formed under the field oxide layer. In this case, the
channel stopper region having a high impurity concen-
tration is inevitably directly contacted to an impurity
region of a conductivity type opposite to the channel
stopper region in the circuit element thereby enhancing
unfavorably a parasitic PN junction capacitance of the
circuit element and decreasing unfavorably the opera-
tion speed of the circuit element and/or of the semicon-
ductor device. On the other hand, even if the impurities
are introduced at a portion of the field region on which
the field oxide layer is entirely formed, the same prob-
lems would be caused because the impurities introduced
beforehand are laterally diffused in a relatively large
distance during the heat treatment of the long time for
forming the thick field oxide layer.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a method of forming an isolation region in an
integrated circuit semiconductor device by which the
channel stopper region can be formed in a predeter-
mined portion under the field oxide layer so that the
channel stopper region is not unfavorably contacted to
the impurity region of the circuit element.

According to a feature of the present invention, there
is provided a method of manufacturing an isolation
region in an integrated circuit semiconductor device
comprising the steps of forming a first mask pattern
made of anti-oxidation material such as silicon nitride
on a surface of a semiconductor substrate of one con-
ductivity type such as P-type silicon substrate, forming
selectively a field oxide layer by a heat treatment under
oxidizing atmosphere on a field region of the substrate
between first and second circuit element forming re-
gions of the substrate by using the first mask pattern as
a mask, forming a second mask pattern made of, for
example, photoresist film on the substrate including the
field oxide layer, thereafter, introducing ions of impu-
rity of the one conductivity type such as boron ions by
ion-implantation into a portion of the substrate under a
part of the field oxide layer through the field oxide layer
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by using the second mask pattern as a mask, carrying
out an activation of the impurities by annealing to form
a channel stopper region of the one conductivity type
having a higher impurity concentration than the sub-
strate at the portion of the substrate abutted against the
bottom of the part of the field oxide layer, and forming
first and second circuit elements in the first and second
circuit element forming regions of the substrate, respec-
tively. When the semiconductor substrate is a P-type
silicon substrate and its bulk boron (impurity) concen-
tration ranges from 5104 to 2 X 1015 cm—3, that is, its
specific resistivity ranges from about 5 to 20 Q-cm,
boron ions are implanted through the field silicon oxide
layer of 5000 to 8000 A thickness by ion implantation at
the energy of 800 to 1000 KeV by the dosage of
0.5 1012:t0 6 1013 cm—2, for example. By the anneal-
ing for activating the implanted borons, the channel
stopper region having the boron concentration of
1Xx 101610 3 10!'7cm—3 and the depth of 0.5 to 2.0 um
from the bottom of the part of the field silicon oxide
layer may be formed under the bottom such that it is
attached to the bottom and separated by the same dis-
tance of, for example, 0.5 pm from both side edges of
the field silicon oxide layer.

Accordingly, the channel stopper region of the pres-
ent invention can be precisely positioned at a desired
portion of the field region of the substrate. Conse-
quently, the parasitic PN junction capacitance of the
circuit element can be reduced and the operation speed
of the device can be enhanced.

Additional objects and features of the invention will
be appear from the following description in which the
preferred embodiment is set forth in detail in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF: THE DRAWINGS

FIG. 1 is a partial cross-sectional view showing an
integrated circuit semiconductor device manufactured
by a conventional method;

FIG. 2 is a partial cross-sectional view showing an
integrated circuit semiconductor device manufactured
by a2 method according to an embodiment of the present
invention;

FIGS. 3A to 3F are partial cross-sectional views
showing process steps in sequence according to the
embodiment of the present invention;

FIG. 4A is a partial plan view showing a dynamic
random access memory (DRAM) device manufactured
by the embodiment of the present invention, and FIG.
4B is a cross-sectional view taken along lines B—B’ in
FIG. 4A as viewed in the direction of arrows; and

FIG. 5 is a partial cross-sectional view showing an
integrated circuit semiconductor device manufactured
by a method modified from FIGS. 3A to 3E.

DESCRIPTION OF A PRIOR ART

Referring to FIG. 1, an isolation region consisting of
a thick field silicon layer 3 and a P+-type channel stop-
per region 2 is formed on a field region 40 of a P-type
silicon substrate 1 between element forming regions 20,
30 of the substrate. The isolation region is formed by a
method comprising a first step for forming selectively
the P+-type channel stopper region 2 on the field re-
gion 40 and a second step for forming selectively the
thick field silicon oxide layer 3 after the first step
through thermal oxidation on the field region 40. The
selective formings in the first and second process steps
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are carried out by using the same mask pattern, for
example, a nitride mask film pattern each other. There-
fore, the P+-type channel stopper region 2 is formed
under the entire bottom of the field silicon oxide layer 3
and protruded at both side surface portions of the layer
3. Consequently, the P-+-type channel stopper region 2
is contacted to an N+-type impurity region 4 covered
by a thin silicon oxide film 5, formed in the element
forming region 20 and constituting a first circuit ele-
ment, and also to an N+-type impurity region 14 cov-
ered by the thin silicon oxide film §, formed in the ele-
ment forming region 30 and constituting a second cir-
cuit element.

DETAILED DESCRIPTION OF EMBODIMENTS

According to the present invention, after forming the
thick field silicon oxide layer, a P+-type channel stop-
per region is formed by ion-implantation of P-type im-
purity ions such as boron ions through the field silicon
oxide layer using another mask member as a mask.
Therefore, as shown in FIG. 2, the P+-type channel
stopper region 12 can be formed only under a center
part of the field silicon oxide layer 3 separated from the
sides 23 of the layer 3 which are contacted to the circuit
element forming regions 20, 30.

Referring to FIGS. 3A to 3F, a method according to
an embodiment of the present invention will be ex-
plained. In FIGS. 2 and 3A to 3F, the same components
as those in FIG. 1 are indicated by the same reference
numerals.

At first, as shown in FIG. 3A, a mask pattern 7 of
silicon nitride film having the thickness of 1000 A is
formed on the major surface of the P-type silicon sub-
strate (wafer) 1 having a bulk impurity (boron) concen-
tration ranging from 5x 1014 to 2X 1015 cm—3 such that
the silicon nitride film covers the element forming re-
gions 20, 30 and not cover the field region 40. The
silicon nitride film pattern 7 may be formed on the
surface of the substrate via a thin silicon oxide film of
500 A thickness (not shown). Next, a heat-treatment is
carried out at 1000° C. temperature, under an oxidizing
atmosphere such as oxygen or steam during 4 hours to
form selectively the field silicon oxide layer 3 having
the thickness of 5000 to 8000 A by using the silicon
nitride film pattern 7 as the mask (FIG. 3B), and thereaf-
ter, the silicon nitride mask film pattern 7 is removed
(FIG. 3C). Next, a photoresist mask pattern 8 of 2 to 3
um thickness is formed on the substrate including the
field silicon oxide layer 3, and then boron ions 9(B+) are
implanted by an ion-implantation method into a portion
12' of the substrate under a part 13 of the field silicon
oxide layer 3 separated from the side edges 23 thereof
penetrating through the part 13, which is positioned
under an aperture 8’ of the photoresist pattern mask 8,
of the field silicon oxide layer at the dosage ranging
from 0.5X10!2 to 6x10!13 cm—2, for example, of
6 1012cm—2 with the energy ranging from 800 to 1000
KeV by using the photoresist pattern 8 as the mask
(FIG. 3D). Next, the photoresist pattern 8 is removed
by exposing it in plasma atmosphere of 900 watts during
120 minutes and immersing it in H2S04.z20; solution.
Then, an annealing heat treatment is carried out so as to
place the implanted boron into electrically active sites
so that the boron acts as an acceptor, that is, activation
of the implanted boron. Consequently, the P+-type
channel stopper region 12 by the implanted borons is
formed in the section 12’ of the substrate 1 under the
center part 13 of the thick silicon oxide layer 3 in the
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widthwise direction between adjacent circuit element
forming regions 20, 30 (FIG. 3E). The P+-type channel
stopper region 12 has the boron concentration ranging
from 11016 to 3107 cm—3, for example, of 4x 1016
cm—3, and has the depth D ranging from 0.5 pm to 2.0
pm, for example, of 1.5 wm. Further, the region 12 of
1.0 pm width W is remoted by the same distance of 0.5
pm from the both side edges 23 when width of the field
region, that is, the width of the field silicon oxide layer
is 2.0 um. The annealing heat treatment for activating
implanted borons may be conducted by a lamp anneal
such as Xe flash lamp anneal or infrared radiation an-
neal in which the implanted surface region of the sub-
strate is heated by irradiating incoherent light through
the silicon oxide layer during 50 to 60 seconds, or else
may be conducted by a resistance heating furnace under
nitrogen atmosphere at 1000° C. during 1 hour. In both
cases, the heating time for the annealing is far shorter
than the heating time for forming the field silicon oxide
layer 3, and therefore, the implanted borons are not
unfavorably laterally diffused during the annealing.
Next, as shown in FIG. 3F, after forming polycrystal-
line silicon gates 10 via gate silicon oxide films 5, source
and regions 4, 14 of insulated gate field effect transistors
are formed in respective circuit element forming re-
gions 20, 30 of the substrate by arsenic ion implantation
with a low energy using the gate electrodes 10 and the
field silicon oxide layer 3 as the mask followed by a
lamp annealing during 10 seconds or less or by a rest-
ance heating furnace annealing at 1000° C., under nitro-
gen atmosphere and during 10 minutes. In the embodi-
ment, the silicon nitride film 7 is removed in the process
step shown in FIG. 3C. However, the silicon nitride
film 7 can remain till the process step shown in FIG. 3F
such that the silicon nitride film pattern 7 is provided
under the photoresist mask pattern 8 during the boron
ion implantation.

Referring to FIGS. 4A, 4B, the field silicon oxide
layer 3 and the P+-type channel stopper region 12 are
formed by the same process steps shown in FIGS. 3A to
3E. In FIG. 4A, the P+-type channel stopper region 12
of the present invention is represented by right-upward
dot hatching. The field silicon oxide layer 3 surrounds
and be adjacent to a plurality of circuit element forming
regions 50 having collar-borne like plan shape such that
the layer 3 delineates each of regions 50. In each region
50, a pair of memory cells each having a transfer gate
transistor 60 and a storage capacitor 70 are formed. The
transistor 60 includes a N+-type common source or
drain region 62 to which a bit line 63 is connected, and
a gate electrode 61 on a channel region via a gate insu-
lating film (not shown) continuously formed with a
word line 61’, and the storage capacitor 70 includes a
dielectric film 71 and a capacitor electrode 72. To avoid
complexity, the N+-type impurity region 62, the bit line
63, the dielectric film 71 and the capacitor electrode 72
in FIG. 4B are not shown in FIG. 4A. The P*-type
channel stopper region 12 of the present invention is
formed under a center part 13 of the field silicon oxide
layer 3 in the widthwise direction between the adjacent
circuit element forming regions 50 such that the P*-
type channel stopper region 12 surrounds each of the
regions 50 but separated from the regions 50. There-
fore, an unfavorable connecting between the P*-type
channel stopper region 12 and a section of the memory
cell, such as, the N*-type impurity region 62 is not
caused thereby enhancing the operation speed without
increasing the parasitic PN junction capacitance.
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Referring to FIG. 5, the same components as those in
FIGS. 2, 3 arc indicated by the same reference numer-
als. When an operation speed of a circuit element in-
cluding an N+-type impurity region 4’ and formed in
the circuit element forming region 20 is not so impor-
tant in comparison with that of a circuit element includ-
ing the N+-type impurity region 14 and formed in the
circuit element forming region 40, a P+-type channel
stopper region 12’ is formed by implanting boron ions
through the field silicon oxide layer 3 by ion implanta-
tion method followed by an annealing heat treatment
for activation of the implanted borons such that the
P+-type channel stopper region 12’ is predominately
separated from the N+-type impurity region 14 and be
contacted to the N+-type impurity region 4’ by modify-
ing the photoresist mask pattern 8 in FIG. 3D. The
embodiment is favorable in case of different kinds of
circuit elements being adjacent by interposing the isola-
tion region and more high integration of device being
necessary.

What is claimed is:

1. A method of manufacturing an isolation region in
an integrated circuit semiconductor device comprising
the steps of forming a first mask pattern made of anti-
oxidant material on a surface of a semiconductor sub-
strate of one conductivity type, forming selectively a
field oxide layer by a heat treatment under an oxidizing
atmosphere on a field region of said substrate between
first and second circuit element forming regions of said
substrate by using said first mask pattern as a mask,
forming a second mask pattern on said substrate includ-
ing said field oxide layer, thereafter, introducing ions of
impurity of said one conductivity type by ion-implanta-
tion into a portion of said substrate under a part of said
field oxide layer through said field oxide layer by using
said second mask pattern as a mask, carrying out a first
lamp annealing during a first time period for an activa-
tion of said implanted impurities of said one conductiv-
ity type to form a channel stopper region of said one
conductivity type having a higher impurity concentra-
tion than said substrate in said portion of said substrate
abutted against the bottom of said part of said field
oxide layer wherein said portion of said substrate form-
ing said channel stopper region is separated from said
first circuit element forming region by a first distance
and from said second circuit element forming region by
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6
a second distance which is substantially the same value
as said first distance.

2. A method of manufacturing an isolation region in
an insulated circuit semiconductor device of claim 1, in
which said semiconductor substrate is a P-type silicon
substrate having a boron concentration ranging from
5% 1014 to 2x10!5 cm —3, and said channel stopper
region has a boron concentration ranging from 1x 1016
to 3 1017 cm —3and the depth from said bottom of said
field oxide layer ranging from 0.5 to 2.0 pm.

3. A method of manufacturing an isolation region in
an integrated circuit semiconductor device of claim 1,
in which said semiconductor substrate is a P-type silicon
substrate and said ions of impurity are boron ions.

4. A method of manufacturing an isolation region in
an integrated circuit semiconductor device of claim 1,
in which said second mask pattern is made of a photore-
sist film.

5. A method of manufacturing an isolation region in
an integrated circuit semiconductor device of claim 1,
wherein ions of impurity of a conductivity type oppo-
site to said one conductivity type are introduced in first
and second circuit element forming regions of said sub-
strate.

6. A method of manufacturing an isolation region in
an integrated circuit semiconductor device of claim 1,
in which said device is a dynamic random access mem-
ory device having a plurality of random access memory
cells as said circuit elements and a plurality of circuit
element forming regions arranged in said substrate and
surrounded by said field oxide layer of said isolation
region, respectively such that each of said circuit ele-
ment forming regions is delineated by said field oxide
layer, and said channel stopper region is partially pro-
vided under a center part of said field oxide layer in the
widthwise direction between adjacent circuit element
forming regions so as to separate from every circuit
element forming region and surrounds each of said
circuit element forming regions.

7. A method of manufacturing an isolation region in
an insulated circuit semiconductor device of claim 1, in
which said ions of impurity are boron ions, and said
ion-implantation is carried out at an energy ranging
from 800 KeV to 1000 KeV.
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